Background and Objectives: We studied effects of eight weeks of resistance training and IGF-1 injection on serum level of IGF-1, IGFBP-3 and IGF-1/IGFBP-3 ratio in Wistar rats.
aimed to examine the effects of eight weeks of resistance training with and without IGF-1 injection on the circulating level of IGF-1 and IGFBP-3 and morphology of colorectal tissue in rats.
MATERIAL AND METHODS
Animal care and all experimental procedures conformed to the animal care guidelines and were approved by the Ethics Committee of Ferdowsi University of Mashhad (protocol number: 21247). First, 28 young male Wistar rats aged 12 weeks and weighting 308 ± 26.16 g were purchased from the Pasteur Institute of Iran. All subjects were kept in an environmentally controlled animal room (temperature: 22 ± 2.0°C and humidity: 50-55%) with a 12-hour light/dark cycle. All animals had access to standard rodent chow and water ad libitum. After a familiarization period of one week, the rats were randomly divided into four equal groups of salineinjected control (C), resistance training+saline injection (RS), resistance training+IGF-1 injection (RI) and IGF-1 injection (II). The rats were familiarized with climbing a ladder (1×0.18 m, 2-cm grid, 85° incline) with weights attached to their tails to simulate resistance exercise. The RS and RI groups performed eight weeks of resistance training consisting of three sets of five repetitions, three times a week, with 1-min rest intervals between the reps and 2-min intervals between the sets (21, 22) . The initial weight attached to each animal's tail was 50% of its body weight and increased gradually throughout the eight weeks (22) . Subjects in the C and II groups did not perform any exercise. Subjects in the II and RI groups received intramuscular IGF-I injection in the left calf and tibialis anterior muscles before and after the exercise sessions (1.5 µg/Kg per day) (23) . Rats in the RS and C groups received intramuscular saline injection at comparable times and doses. The animals were anaesthetized (75 mg/Kg ketamine and 25 mg/Kg xylazine) and then killed 72 hours after the last exercise session. Blood samples were obtained from the orbital sinus. The samples were centrifuged at 3000 RPM for 15 min. The samples were stored at -20 °C for further analysis. Serum IGF-1 and IGFBP-3 levels were measured by ELISA kits (Hangzho Eastbiopharm, Elisa Kits, CAT.NO:
INTRODUCTION
Insulin-like growth factor 1 (IGF-1) and IGF binding protein 3 (IGFBP-3) have a key role in regulation of cell metabolism, growth, proliferation and apoptosis in multiple organs (1). Serum IGFBP-3 level is considered as the most important circulating IGF carrier protein, accounting for 90-95% of the circulating IGF-1 (2). Growth hormone (GH) increases hepatic production of both IGF-1 and IGFBP-3, which, at least in part, may account for the positive association between circulating levels of IGF-1 and IGFBP-3 (3). This suggests that circulatory IGF-1 and IGFBP-3 level may be an early important indicator of tumor growth in the body (4). IGF-1 prevents apoptosis via activation of the PI3K-Akt and JAK/STAT pathways (4), but IGFBP-3 has an opposite effect (5). Increased circulating IGF-1 levels, decreased IGFBP-3 levels and/or increased IGF-1/IGFBP-3 ratio might increase tumor growth, and have been reported to be associated with a higher risk of developing several types of cancer in both men and women (6). Therefore, downregulation of IGF-1 and upregulation of IGFBP-3 may have protective effects against certain types of cancer, including colorectal, prostate, breast, and endometrial cancer (7). Physical activity may help prevent cancer by inducing a reduction in circulating level of multiple hormones, particularly IGF-1 (4). While nutrition is an important determinant of circulating IGF-1 level (8), exercise is another potentially important regulator of IGF-1 (9). Exercise mobilises systemic IGF-1 from the liver and acute exercise mobilises circulating IGF-1 from active muscles (10) . Some studies have reported that acute resistance and endurance exercise increase serum IGF-1 concentrations but do not affect serum IGFBP-3 levels (2, 10, 11). Although several studies have examined changes in circulating level of IGF-1 and IGFBP-3 in response to exercise training, the results of such studies have been inconsistent (12) (13) (14) (15) (16) (17) (18) (19) . Moreover, overexpression of IGF-1 and IGFBP-3 is thought to increase tumor size in colorectal cancer (9, 20). However, no study has yet investigated the effect of IGF-1 injection on IGF-1 and IGFBP-3 (as markers of colorectal cancer development), and colorectal tissues. Moreover, no study has yet investigated the effects of IGF-1 injection combined with resistance training on these factors. Thus, we body weight (P<0.05). Table 1 shows the serum level of IGF-1 and IGFBP-3 in all study groups. IGF-1 was significantly higher in the RI and II groups compared to that in C and RS groups (P<0.05). The IGF-1 level was significantly lower in the RS group when compared with other groups (P<0.05). The IGF-1 level was significantly higher in the II group when compared with the other groups (P<0.05). Serum IGFBP-3 concentrations were significantly higher in the C and RS groups compared to those in RS and II groups (P<0.05). The IGFBP-3 level was higher in the RI group than that in II group (P>0.05). Compared to control rats, the IGF-1/IGFBP-3 ratio was significantly higher in the II and RI groups. In addition, the IGF-1/IGFBP-3 ratio was significantly lower in the RS group when compared with other groups. The IGF-1/IGFBP-3 ratio was significantly higher in the II group compared to the IR group. Histological appearance of colorectal tissues was normal in all groups (Figure 1 ).
CK-E30653-E91558) according to the manufacturer's protocol with lower limit of detection of 1.55 ng/ml and 0.93 ng/ml, respectively. Colorectal tissues were collected and fixed in 10% formalin solution for 48 h. The formalin solution was renewed after 24 hours. After alcohol-based fixation, tissue sections were rehydrated and subjected to paraffin embedding. Random sampling was performed from 5-µm thick microtome sections at regular intervals (24). The sections were stained with haematoxylin and eosin and examined under a light microscope. Statistical analysis was performed using SPSS (version 20, IBM, Armonk, NY, USA). After assessing normality of the data (Shapiro-wilk test) and homogeneity of variance (Levene's test), data was analysed using one-way analysis of variance. The Tukey test was used in case of significant F-values. P-values ≤0.05 were considered as statistically significant.
RESULTS
No significant difference was observed between the experimental groups in terms of Some studies have reported that IGF-1 remained unchanged (14, 15) or increased (18, 19) after exercise training in women, older people and cancer patients. This could be because serum level of IGF-1 is affected by age, gender, body mass index, pre-training level, and health and nutritional status (29, 30) . Prospective epidemiologic studies have shown that high levels of IGFBP-3, independent of IGF-1, were associated with a lower risk of cancer and colorectal adenoma (3). Since IGFBP-3 is considered as the main IGF-1 carrier, and IGF-1 has been thought to regulate IGFBP-3 levels (3), we also measured levels of circulatory IGFBP-3. IGFBP-3 protects IGF-1 from degradation and lowers the concentration of free IGF-1 (31). We found that the exercise training slightly increased concentration of the circulating IGFBP-3 and attenuated the decrease in IGFBP-3 of IR rats. The physiological effects of IGF-1 injection on decreased IGFBP-3 level in the II and IR groups and the mechanism involved in exercise training-induced increase in IGFBP-3 have not been clarified by this study. Since IGFI injection causes hypoglycemia, primarily by stimulating peripheral glucose uptake (32) , and IGFBPs buffer the acute hypoglycemic effect of IGF-I (33), Nishida et al. suggested that the alterations in IGF-IGFBP-3 levels might be an adaptive response to prevent hypoglycemia following exercise training (7). According to previous studies, IGFBP-3 level might decrease (16), increase (16, 18, 34) , and remain unchanged (35-37) after exercise training. In study of Santa et al., IGFBP-3 increased in response to resistance training and decreased in response to aerobic training (16) . In another study, IGFBP-3 levels decreased in untrained subjects until week four and returned to baseline by week 11, whereas no change was observed for well-trained individuals (34) . The disparity in results of the mentioned studies could be due to the difference in exercise training models and characteristics of the study populations. Thus, the exact effect of exercise training on IGFBP-3 requires further examination. Many studies suggest that the circulating IGF-1/IGFBP-3 ratio may be a marker for bioavailability of circulatory and tissue IGF-1 (3). As mentioned earlier, GH increases hepatic production of both IGF-1 and IGFBP-3. However, experimental data suggests that
DISCUSSION
According to previous studies, IGF1 is associated with increased incidence of prostate, lung and colorectal cancer (4, 6), while high IGF1 level is associated with an increased risk of colorectal cancer (6). In addition, high IGF-1 and low IGFBP-3 levels increase the risk of colorectal cancer and villous adenomas (9). This study is the first to investigate the effect of exercise training and IGF1 injection on circulating level of IGF-1, IGFBP-3 and IGF-1/IGFBP-3 ratio. We assessed the effects of eight weeks of resistance exercise and IGF-1 injection on serum IGF-1 and IGFBP-3 concentrations in rats, and studied possible structural changes in colorectal tissues. We showed that the shortterm resistance training decreased the circulating IGF-1 concentrations and IGF-1/IGFBP-3 ratio. The resistance training restored the increased IGF-1 and decreased IGFBP-3 levels induced by the IGF-1 injection. The 8-week IGF-1 injection had no effect on the structure of colorectal tissues. The resistance training did not affect body weight, which could be due to the fact that we did not use a high-intensity resistance training (25) . Serum IGF-1 could be measured as a marker for development of several types of cancer (6, 19). We found that two months of exercise training decreased circulatory IGF-1, when compared with the control group. This is in line with the results of previous studies (7, 16, 17, 26) . Evidence indicates that reduction of serum IGF-1 by lifestyle modification reduces the number of cancer cells, slows tumor progression and increases apoptosis in tumor cells (3, 7). We found that IGF-1 levels reduced in response to the training and IGF-1 injection. However, the exact mechanism of this phenomenon is not clear. Several biological mechanisms could explain exercise training-induced decrease in IGF-1, including increased post-receptor insulin signalling, increased glucose transporter protein and mRNA, decreased release and increased clearance of free fatty acids, and increased muscle glucose delivery (17, 27) . In addition, decrease in pro-inflammatory cytokines (28) and increase in skeletal muscle IGF-1R density and activation may be other potential mechanisms for the exercise-induced reduction in systemic levels of IGF-1 (1). However, a mechanistic explanation is outside the scope of this study. induce such changes. The current study is the first to examine the short-term effects of IGF-1 injection on normal colorectal tissue. However, further studies should be performed to evaluate the long-term effects of IGF-1 injection on colorectal tissue.
CONCLUSION
Our preliminary results show that eight weeks of resistance training decreases circulating IGF-1 and IGF-1/IGFBP-3 ratio in male rats. Although, the 8-week IGF-1 injection caused no morphological and functional change in colorectal tissue, our results suggest that the IGF-1 increase and IGFBP-3 decrease caused by IGF-1 injection are attenuated by resistance training. Taken together, these novel findings suggest that short-term resistance training can reduce IGF-1 and increase IGFBP-3 levels, which might be associated with lower risk of colorectal cancer.
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The authors declare that there is no conflict of interest. IGF-1 itself may also regulate hepatic IGFBP-3 production (16) . After eight weeks of training, we found that the mean value of IGF-1/IGFBP-3 ratio decreased significantly in the RS group. The IR group had lower IGF-1/IGFBP-3 ratio than compared to the II group. The increase in IGF-1/IGFBP-3 ratio in trained groups suggests that there may be more unbound IGF-1 available for hormone-receptor interactions (11) . Prolonged injection of GH and IGF-1 increases lean body mass improves muscle hypertrophy and reduces fat mass (38) . Direct intramuscular injection of IGF-1 in combination with resistance training increased both body mass and strength more than each treatment alone (38, 39) . In normal colorectal tissue, the long-term increase in IGF-1 bioavailability may increase the risk of colorectal cancer (40). In addition, the time required for malignant transformation is inversely associated with IGF bioactivity (31, 41) . IGF-1 injection also promotes tumor progression and increases apoptosis in tumor cells, effects that are both reversed by dietary restriction in animal models (42) . Likewise, injection of recombinant GH and IGF-1 has been found to promote tumor growth in vivo (43) . In our study, elevation of IGF-1 via injection caused no morphological or functional change on normal colorectal tissues. However, increasing the period of IGF-1 injection might
